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E GONADS engaged the center of endocrinologic attention 
m the inception of endocrinology until World War II. Be- 
use of the dramatic events of ovulation and menstruation, the 
nale gonads occupied the limelight. After World War II, the 
covery of cortisone, the purification of ACTH and the avail- 
ility of radioactive iodine diverted interest away from the 
nads. Now there are signs that interest in gonadal function has 
n rejuvenated. The next several years should be exciting and 
by lead to a reaffirmation of present theories or the introduc- 
n of entirely new ones. The time for a review of male hypo- 
adism seems appropriate. 

here are several reasons for the presentation of this review 
ice: (1) to summarize an established body of knowledge and 
resh the memory of the reader; (2) to introduce the reader to 
ent developments in the area under consideration; (3) to 
anize known facts to support a point of view and (4) to raise 
pstions. 

‘0 claim is made for originality or completeness and references 
enot been enumerated for every fact stated. 


TESTICULAR MORPHOLOGY 


he testes in the normal adult weigh about 25 Gm. (15-40) 
measure 4-5 by 2-3 cm. Surrounding each testis is a tight 
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fibrous capsule, the tunica albuginea, from which fibrous septa 
radiate to the upper posterior border and divide the gland into 
numerous pyramidal lobules. Within each lobule are a single 
convoluted seminiferous tubule and a variety of interstitial cells, 
At the apexes of the lobules, the seminiferous tubules straighten 
and coalesce to form the rete testis. This network is connected to 
the epididymis via a series of ductules (the efferent ductules) . 

During embryologic development, the bed of mesenchymal 
tissue in which the seminiferous tubules develop differentiates 
into the tunica albuginea, the radiating septa and the interstitial 
cells which lie among the convolutions of the tubule. Initially, 
these interstitial cells seem to be fibroblastic. About the ninth 
week of human gestation, cells resembling mature Leydig cells 
appear. Shortly after birth, these cells disappear and the inter- 
stitium contains fibrocytes, histiocytes and mast cells. At puberty, 
the seminiferous tubules enlarge and compress the interstitium 
into clumps of cells which usually surround blood vessels. Within 
these clumps, large polygonal cells reappear and mature into 
Leydig cells with vesicular nuclei, prominent nucleoli and gran- 
ular vacuolated cytoplasm containing rod-shaped bodies (Reinke 
crystalloids). The Leydig cells remain prominent during adult 
life and show little change with senescence aside from a gradual 
diminution of cell lipid and an increase in cell pigment. 

Most workers believe the Leydig cell produces androgen. Evi- 
dence for this is the correlation of the histologic signs of stim- 
ulation with the evidences of androgen production and _ the 
production of large amounts of androgens in the presence of 
Leydig cell tumors. Cytoplasmic granulation and vacuolization 
have been regarded as the histologic evidences of hormone pro- 
duction by the Leydig cells, but these correlations are at best 
crude. 

About the fifth week of fetal life, the paired mesonephroi, also 
called the urogenital ridge, subdivide into a lateral mesonephric 
ridge and a medial genital ridge. The genital ridge is covered by 
the germinal epithelium. An internal epithelioid mass develops 
either from the mesonephric blastoma or as an invagination of 
the germinal epithelium. Thus, this bipotential gonad has an 
outer cortical portion (capable of differentiating into an ovary) 
and an inner medullary portion (capable of becoming a testis). 
Within the internal mass are the primordial germ cells which 
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migrated to the gonad from the region of the yolk sac. The in- 
ternal epithelioid mass arranges into branching primary sex cords. 
In the male, about the seventh week of fetal life, the primary sex 
cords align and radiate to the region of the gonadal mesentery 
where they fuse with another part of the internal epithelioid mass 
which will become the rete testis. The latter in turn fuses with the 
excretory duct system. 

Each primary sex cord splits into several cords which ultimately 
become the seminiferous tubules. The cords consist of a basement 
membrane which surrounds solidly packed cells of two main 
types. The most numerous are undifferentiated cells, and scat- 
tered among these are spermatogonia which have developed from 
the primordial germ cells. Little or no further differentiation of 
these primitive seminiferous tubules occurs until puberty. 

As puberty approaches, the seminiferous tubules develop a 
lumen, become elongated and convoluted, and are invested with 
a tunica propria. The undifferentiated cells become mature 
Sertoli cells—large radially arranged cells extending from the 
basement membrane to the central portions of the tubule. The 
mature Sertoli cell has a poorly defined eosinophilic cytoplasm 
which contains wavy fibrils, fine granules and lipid droplets, and 
a radially directed oval vesicular nucleus with a prominent 
nucleolus. 

The spermatogonia, which constitute several layers of cells 
along the basement membrane, at puberty divide mitotically 
several times. The daughter cells come to reside in a more central 
position, and after a dormant period, they enlarge and become 
primary spermatocytes—round cells with large vesicular nuclei. 
Each primary. spermatocyte divides miotically to yield two 
smaller and more centrally located secondary spermatocytes 
which have 23 (22+ x or y) chromosomes instead of the 46 
chromosomes of their predecessor. Each secondary spermatocyte 
rapidly divides mitotically to yield two smaller cells, the sperma- 
tids, which lie in the central portion of the tubule and are em- 
bedded in the cytoplasm of the Sertoli cells. Here the spermatids 
undergo transformation into spermatozoa, which then migrate to 
the epididymis. 

The effects of age on the seminiferous tubule are not sudden 
or distinct. The most consistent effect is a progressive peritubular 
fibrosis which begins in the fourth decade. Spermatogenesis may 
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occur into the ninth decade but usually there is a slowly progres- 
sive diminution of spermatogenesis so that the tubules become 
hypocellular and the Sertoli cells are prominent. Spermatogenesis 
may be arrested at the stage of the primary spermatocyte. 

The pronephron differentiates into a longitudinal duct which 
(after the appearance of the mesonephron) is termed the meso- 
nephric or Wolffian duct. The mesonephron itself forms a series 
of tubules which at one end connect to the Wolffian duct. Some 
of these tubules degenerate, while some of the more cranial ones 
abut and fuse with the primordia of the rete testis to become the 
efferent ductules. The cranial end of the Wolffian duct becomes 
the convoluted duct of the epididymis and the caudal portion 
becomes the straight ductus deferens and the ejaculatory duct. 
The ejaculatory duct fuses with the urethra which originates 
from the cloaca via the urogenital sinus. Near its opening into 
the urethra the ejaculatory duct dilates to form the ampulla, 
from which the seminal vesicles originate. The prostate, on the 
other hand, traces its origin from the cloaca as it develops as an 
outgrowth of the urethral epithelium. 

The duct system is lined with columnar epithelium. In the 
efferent ductules is a thin circular layer of muscle which becomes 
more developed in the epididymis. The ductus deferens is in- 
vested with a thin inner layer of longitudinally arranged smooth 
muscle, a well developed layer of circular muscle and a mod- 
erately thick outer layer of longitudinal muscle. The ejaculatory 
duct has no muscular coat. 


PHYSIOLOGIC CONSIDERATIONS 


As pointed out previously, most workers believe that androgens 
are produced by the Leydig cells, although direct proof is lacking. 
Either cholesterol or acetate may serve as a precursor of testicular 
androgens, as both do for adrenal steroids. Whether one or the 
other is a preferential precursor in the testis is not known, 
although cholesterol is the major precursor in the adrenals and 
is subject to influence by ACTH. The synthetic pathway for tes- 
ticular androgens is shown in the accompanying illustration. In 
addition to the compounds shown, the testes under pathologic 
circumstances (Leydig cell tumors) can produce 11 beta and 21 
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hydroxylated steroids (compounds ordinarily produced by the 
adrenal cortex). 

The adrenal cortex and, to a lesser extent, the ovary are capa- 
ble of utilizing similar, if not identical, biosynthetic pathways to 
produce progesterone, 17-hydroxyprogesterone and androstenedi- 
one. The adrenal cortex is also capable of producing other 
androgenic steroids, such as 118 hydroxyandrostenedione and 
dehydroepiandrosterone (which probably arises via 17-hydrox- 
ylation of pregnenolone). Other adrenal steroids which have 
undergone 17-hydroxylation, such as compounds §, F, and 17- 
hydroxyprogesterone, are susceptible to oxidation to form 17- 
ketosteroids. 

The testis, like the ovary and the adrenal cortex, is capable of 
synthesizing estrogens. Available data suggest that synthesis of 
estrone involves 19-hydroxylation of 5 4 androstene, 3,17 dione. 
Conversion of estrone to estradiol and estriol involves, respec- 
tively, reduction of the 17-ketosteroid to a hydroxyl group and 
16-hydroxylation. The site of testicular estrogen production is 
not known—the Sertoli cells, the Leydig cells and the germinal 
epithelium have all been implicated. 

The catabolism of the testicular androgens, like that of many 
adrenal steroids, involves oxidation of hydroxyl groups at position 
17 to form 17-ketosteroids, reduction of the double bond between 
positions 4 and 5, and reduction of 3 keto groups to 3 hydroxy 
groups. The latter two alterations result in the production of a 
number of stereoisomers, the most important of which seem to 
be androsterone and etiocholanolone. Those steroids with 3 
hydroxyl groups are for the most part conjugated with glucuronic 
acid or sulfates and excreted in the conjugated form. The liver 
plays a major role in these catabolic reactions and conjugations 
and is also capable of converting testosterone and androstenedi- 
one to estrone. 

The major physiologic effects of androgens are well known 
and will not be dealt with here. Less well known to the clinician, 
however, are the quantitative and perhaps qualitative differences 
which exist among various androgenic steroids. Some of these 
differences are listed in Table 1. The response to an androgen also 
varies with the route of administration and the hormonal con- 
dition of the recipient. Testosterone, for example, is ineffective 
orally but is active following injection. When administered to 
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the intact animal (or man) in small or moderate doses, testos- 
terone suppresses testicular weight and spermatogenesis; but when 
given to the hypophysectomized or intact animal in large doses, 
it may maintain or reinduce spermatogenesis. Testosterone ad- 
ministered with estradiol has a greater stimulating effect on the 
rat seminal vesicles than it does when administered alone. A 
great deal more work needs to be done on the quantitative and 
qualitative variations in androgenic steroids under many condi- 
tions and with the use of many endpoints. 


TABLE 1.—Rewative Potency or Various STEROIDS ON SEVERAL 
BioLocic ENpporints* 


Main- 
TENANCE 
VENTRAL SeEMINAL | OF HuMAN 
Capon Prostate | VESICLE SPeRMATO- | NITROGEN 
STEROID Coms WEIGHT WEIGHT | GENESIS RETENTION (-+-) 
WEIGHT (Casrrate | (Castrate | (Hypo- | OR 
Rat) Rat) | PH YSECTO- | Loss (— 
MIZED 
Rat) 
Testosterone 100 100 100 20 +100 
Androstenedione 60 80 20 10 + 60 
Progesterone 10 5 — 20 
Pregnenolone 5 0 100 
Androsterone 60 + 40 


Etiocholanolone 0 


- *A score of 100 indicates the most potent compound. 
The pituitary gonadotrophic hormones are essential for normal 
function of the testes. Luteinizing hormone (LH), also called 
interstitial cell-stimulating hormone (ICSH), stimulates the 
Leydig cells to produce androgen. Follicle stimulating hormone 
(FSH) stimulates spermatogenesis. Although this seems to be 
quite simple and straightforward, some questions need to be 
answered. Prolactin and oxytocin have clearly defined activities 
in the female; but even though they are known to be produced 
by the male pituitary, their functions in the male have not been 
ascertained. Highly purified preparations of LH, when given to 
animals 7 or more days after hypophysectomy, do not restore 
androgen production to normal. Growth hormone and prolactin 
have been reported to augment the effects of LH, but the degree 
of augmentation is not striking and does not appear sufficient to 
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restore normality. In the female, both FSH and LH are neces- 
sary for estrogen production, but the trophic hormones necessary 
for testicular estrogen production have not been delineated. FSH 
stimulates spermatogenesis in the hypophysectomized animal, but 
so do testosterone and pregnenolone. It is not known whether 
they function in the same manner. 

In the female, LH causes ovulation and the formation of a 
corpus luteum, but the corpus luteum does not produce proges- 
terone until acted upon by luteotrophin (prolactin). How is it 
that LH alone induces the production of progesterone and its 
derivatives by the testis? ACTH stimulates the conversion of 
cholesterol to pregnenolone by the adrenal with subsequent pro- 
duction of progesterone and the glucocorticoids and androgenic 
steroids. Why is it that ACTH has little or no effect on the testis, 
and LH little or no effect on the adrenal, when these glands have 
similar embryologic origins and use similar pathways of biosyn- 
thesis? Perhaps they are just different glands or perhaps LH 
effects steroidogenesis from acetate, while ACTH affects the 
cholesterol pathway. 

Histologic examination of the testis shows that spermatozoa 
quickly migrate from the seminiferous tubule to the epididymis, 
but the means by which they are propelled is an interesting prob- 
lem. They do not reach the epididymis by their own power be- 
cause sperm are nonmotile until they reach the epididymis or are 
ejaculated. Propulsion is not accomplished by muscular contrac- 
tion or ciliary action because contractile elements and cilia are 
found only in the duct system and not in the seminiferous 
tubules. Slow contractions of the tunica albuginea have been ob- 
served and may play a role in sperm transport. Another theory 
as to how sperm are transported to the epididymis is that they 
are washed along by a flow of fluid. Such a flow has been demon- 
strated with India ink particles but how the fluid is produced, 
whether the flow is continuous or intermittent, and where the 
fluid is reabsorbed are still undetermined. Also not known are 
the mechanisms by which sperm are freed from the Sertoli cells in 
whose cytoplasm they are enmeshed. 

It is interesting to speculate on the role of hyaluronidase in the 
liberation of sperm and in the flow of fluid. The testis is a rich 
source of this enzyme and recent studies on its localization in the 
bovine testis demonstrate that it occurs in waves along the semi- 
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niferous tubules. Does hyaluronidase in some way become acti- 
vated (perhaps by LH), free sperm cells from Sertoli cells, 
increase the number of osmotically active particles, and thus cause 
the imbibing of water and the flow of fluid into the epididymis? 
Does the efferent ductule, originating as it does from the tubules 
of the mesonephron, respond to antidiuretic hormone by adsorb- 
ing water and concentrating sperm? 

It is estimated that several weeks are required for the sperm 
to pass through the epididymis. This storage in transit plays a 
role in the maturation or “ripening” of the sperm, which involves 
a loss of cytoplasm and water. Movement along the epididymis 
and the vas deferens probably depends on the flow of fluid and 
the peristaltic contractions of smooth muscle; more vigorous 
muscle contractions are responsible for emissions of sperm into 
the ejaculatory duct and urethra. Contractions of the epididymis, 
vas and seminal vesicles occur spontaneously and are augmented 
by sympathetic impulses from the hypogastric plexus and the 
hypothalamus. Integration of these contractions with relaxation 
of spincters and ejaculation via contraction of the bulbocaver- 
nosus muscle is believed to occur in the “ejaculatory center” of 
the lumbosacral cord. The process of ejaculation, unlike that of 
erection, seems to be dependent upon sensory impulses which 
originate in the penis and are carried to the cord via the pudendal 
nerve. Humoral mechanisms may also be involved in the emis- 
sion of sperm; adrenalin induces contraction of smooth muscle of 
the epididymis and seminal vesicles, but oxytocin has no effect. 

In man, following ejaculation there is an abrupt drop with 
succeeding ejaculation at 24-hour intervals in the volume of 
semen, the number of sperm emitted and the number of motile 
sperm. Three to five days of continence are required to return 
the sperm count to “normal”, although 8-15 days may be neces- 
sary to attain maximum values. This drop in sperm count raises 
question about the “storage” function of the epididymis. 

The seminal fluid (largely the secretions of the prostate and 
the seminal vesicles) is a curious one. Although it contains only 
slightly more sodium than serum, it has six times as much potas- 
sium and calcium. The major carbohydrate is fructose rather 
than glucose, and there is a relatively high concentration of 
noncarbohydrate-reducing substances (ergothioneine and ascorbic 
acid) , acid phosphatase and proteolytic enzymes. Potassium, fruc- 
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tose and the noncarbohydrate-reducing substances are largely 
contributed by the seminal vesicles. The prostate contributes the 
citrate, calcium, acid phosphatase and proteolytic enzymes. The 
composition, as well as the amount, of seminal fluid is markedly 
affected by the degree of androgenic stimulation. 

The function of seminal fluid is not entirely clear. To say that 
it is a transport medium and nutrient solution is nice teleology but 
adds little to our knowledge. Seminal fluid does initiate or at least 
accelerate sperm movement, but whether it directly enhances 
fertility or prolongs the life of spermatozoa, as the epididymal 
secretions seem to do, is not known. Semen has the capacity to 
coagulate and to again liquefy itself. It can also dilate blood 
vessels and contract smooth muscle. Whether these pharma- 
cologic activities have anything to do with migration of sperma- 
tozoa in the male or female reproductive tracts is a matter of 
speculation. 

The relationship between the hypothalamus and the pituitary 
is poorly understood and although a great deal of data have been 
accumulated concerning hypothalamic gonadotrophin relation- 
ships in the female laboratory animal, very few data have been 
collected dealing with the male. In the female rat, transplanta- 
tion of the pituitary from beneath the median eminence to some 
other part of the body leads to cessation of LH and FSH produc- 
tion but enhances production of luteotrophin (prolactin). 
Retransplantation of the pituitary beneath the median eminence 
restores the normal production of LH and FSH and inhibits 
luteotrophin production. In the male rat, pituitary transplanta- 
tion leads to atrophy of the testis and the secondary sex organs. 
Since normal gonadotrophin production in the female rat is 
restored a few days after replacing the pituitary beneath the 
median eminence, the mediating influence is probably humoral 
rather than neurogenic. The nature of the humoral factor remains 
to be elucidated. 

Available evidence indicates that in the female there is a 
discrete area in the anterior hypothalamus that regulates release 
of LH and ovulation. Ablation of this area prevents ovulation, 
electrical stimulation induces ovulation, and small doses of 
progesterone and estrogen facilitate electrically induced ovulation. 
Large doses of progesterone inhibit both electrically induced and 
spontaneous ovulation. This area is present both in animals that 
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ovulate spontaneously (e.g. rat) and those that ovulate following 
copulation (e.g. rabbit). In spontaneously ovulating animals, the 
time of ovulation can be advanced by appropriate stimulation 
(electrical or small doses of progesterone). Whether a similar 
area is functional in the male remains to be proved. 

Lesions in the posterior median eminence of male dogs produce 
atrophy of the testes and prostate, azoospermia and decreased 
gonadotrophic content of the pituitary. Lesions in the anterior 
and middle portions of the median eminence produce oligospermia 
and poor sperm mobility without altering testicular morphology. 
Amygdalectomy in the rat induces a testicular atrophy which is 
characterized by greater involvement of the tubules than of the 
Leydig cells. 

Whether the pituitary of the male releases LH at a fairly con- 
stant rate or periodically releases large amounts of LH, as does 
the pituitary of the female, remains to be seen. The similarity of 
postcoital behavior in male and female rabbits, which can be 
induced by LH administration, suggests that in this species the 
pituitary of the male releases extra LH in response to copulation. 
Some investigators have reported increases in urinary gonado- 
trophin in men after intercourse, but this has not been found by 
others. 

The mechanisms by which testicular hormones affect gonado- 
trophic elaboration are still not clear. Castration of the male 
leads to increased production of LH and FSH. The administra- 
tion of estrogens to the intact male results in spermatogenic 
arrest, sloughing of germinal elements, Leydig cell atrophy and 
atrophy of the prostate. This suggests inhibition of LH and prob- 
ably FSH production, even though the data mentioned previously 
suggest that estrogens facilitate LH release.\'Testosterone, when 
administered in moderate doses to the intact nya#@sinduces similar 
changes in the testis but seems to be less potefit in this regard than 
estrogens. Both estrogen and _ testosteron€ prevent increased 
gonadotrophic elaboration after castration. Progesterone adminis- 
tered to the human male has been reported to induce azoospermia 
without materially altering testicular morphology. In the rat, 
the rabbit and the human, large doses of progesterone inhibit LH 
production or release. Some of the new synthetic progestational 
agents decrease urinary gonadotrophins as well as inhibit LH 
release. A perplexing problem is the increased amounts of gonado- 
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trophins excreted by some patients with seminiferous tubul 
degeneration who have normal-appearing Leydig cells and some 
manifestations of androgen production. 


THE NORMAL MALE 


Puberty usually begins at about age 10-11 with gradual enlarge. 

ment of the testicles. In the next year or so the growth spur 
starts, the prostate and penis begin to enlarge and pubic hai 
appears. At about age 13, axillary hair grows, the skin begins to 
darken and acne may appear. At age 14-15, facial hair growth 
starts, mammary enlargement may occur and ejaculation becomes 
possible. By age 16, there is deepening of the voice and temporal 
recession of the hair-line becomes evident. Most of these changes 
are completed by age 18. However, growth of facial and bod) 
hair and recession of the frontal hair-line may continue well into 
adulthood. This sequence must be loosely interpreted since wide 
variations from it are common and one cannot say with any cer- 
tainty that development is abnormal unless puberty begins before 
age 8 or fails to begin by age 16. 

The physical characteristics of the normal adult male are also 
difficult to define. There is great variation in the amount of body 
hair, rate of beard growth, degree of frontal hair-line recession, 
pitch of voice, muscle development and size of the unerected 
penis. There is equally great variation in libido and frequency of 
ejaculation. About all one can say in a general way is that the 
normal adult male has most, if not all, of the end-organ effects 
of androgen stimulation and that these effects are for the most 
part stationary and not waning. 

Table 2 summarizes some of the more important laboratory 
means of evaluating normal male development. There is need 
for a reliable, simple means of measuring testosterone production, 
and especially for a reliable method of measuring the hormone- 
producing capacity of the testes. Proposals to use the rate of 
excretion of urinary estrogen and 17-ketosteroid after administra- 
tion of human chorionic gonadotrophin as a means of evaluation 
have not met wide acceptance. 

Many clinicians refer to the determination of urinary gonado- 
trophins as an “FSH assay.” Since most clinical assays of urinary 
gonadotrophins are based on the increase in size of the uterus of 
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the mouse or the ovary of the rat, this designation is misleading. 
These biologic endpoints, although markedly influenced by FSH, 
are dependent upon the presence of some LH and therefore 
should not be regarded as specific assays for FSH. Urine from 
normal human beings contains both LH and FSH. For these 
reasons the term “urinary gonadotrophin assay” is preferable. 


TABLE 2.—NorMAL VALUES FoR SOME USEFUL PARAMETERS IN 
ASSESSING GONADAL FUNCTION IN THE YOUNG ADULT MALE 
Test VALUES 
17-ketosteroids, mg./day 10-25 
Urinary gonadotrophins, rat ovary units/day 3-35 
Semen volume, ml. 2-6 
Minimum normal sperm count/ml. 20,000,000 


oO, 


Minimum % normal sperm 60% 


Minimum % motile sperm 40% 
I 


Concentration of seminal fructose, mg. % 91-520 


There are assays which measure LH and FSH with reasonable 
specificity, but these have not as yet had wide clinical use 
because they are laborious. More widespread application of 
specific assays would be of great value in clarifying many physio- 
logic and clinical problems. There is promise of an immunologic 
means of assaying these hormones in blood. 

The effect of age on urinary gonadotrophin excretion is less 
clear in the male than in the female. Present technics do not 
permit the detection of urinary gonadotrophins before puberty 
in either sex. Unlike the female, the male does not show a distinct 
rise in urinary gonadotrophins during the fifth and sixth decades, 
although there seems to be a trend towards greater excretion. 

Urinary 17-ketosteroids are comparable in males and females 
before puberty. In both, there is an abrupt increase during 
puberty, and the greater excretion in the male becomes apparent. 
Maximum urinary excretion of 17-ketosteroids occurs during 
the third decade, but thereafter a gradual decline (about 15% 
each decade) occurs in both sexes. In the male, about two thirds 
of the urinary 17-ketosteroids are of adrenal origin while the 
remainder are excretory products of testicular androgens. 
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CLASSIFICATION OF HYPOGONADISM 





Instances of hypogonadism may be classified on many bases 
but none is entirely satisfactory. The hypogonadism may be clas. 





1 
sified as androgenic failure, spermatogenic failure or combined i, 
failure. The defect may lie in the testis (primary hypogonadism or se 
hypergonadotrophic hypogonadism) or in the pituitary (secondary F °% 
hypogonadism or hypogonadotrophic hypogonadism). The defect FF ™ 
may antedate puberty or may be postpubertal. The condition may 
be temporary or permanent. The cause may be congenital, infec- . 
tious, traumatic, metabolic, neoplastic or unknown. a 
The manifestations of androgenic failure depend on the age ar 
at which the deficiency occurs and whether the deficiency is rela- bi 
tive or absolute. The physiologic consequences of deficiency in f 
childhood are not apparent and do not become manifest until fa 
pubertal age is reached. The manifestations are both positive and ef 
negative. Enlargement of the testis, scrotum, penis and prostate, 
beard growth, muscle development, darkening of the skin, acne e 
and deepening of the voice fail to occur if the deficiency is com- . 
plete. Growth of axillary and some pubic hair may take place 
presumably as a result of adrenal androgens. Moreover, failure ™ 
of androgens to hasten epiphyseal closure, in association with _ 
adequate amounts of growth hormone, leads to excessive longi- cl 
tudinal growth of the limbs and the attainment of the eunuchoid di 
habitus. Fat distribution in the eunuch is of the feminine type. . 
When testicular production of androgen is impaired prepuber- t 
tally, but is not completely lacking, the more sensitive structures - 
such as the scrotum, penis, and prostate may show signs of stimu- 
lation, while beard growth, deepening of the voice, and body d 
build remain deficient. ‘) 
The manifestations of deficiency of androgen arising for the , 
first time in adult life are much less clear-cut and again are F 
dependent upon the completeness and the duration of the | 
deficiency. Little or no change occurs in the size of the penis ; 
or in the pitch of the voice. Beard growth continues, but the , 
rate of growth may gradually decline; there may be gradual loss i 
of body hair, and libido and potency may slowly decline or be 
little affected. There usually is atrophy of the prostate and the = 
seminal vesicles, loss of ejaculation, reduced musculature, reduced 


circulatory red cell mass and an increase in body fat. 
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TESTICULAR FAILURE 


Case 1.—Congenital anorchie——A 20-year-old man entered the hos- 
pital because of a high-pitched voice, failure to grow a beard and the 
absence of scrotal testes. He had seen a physician at age 14 and received 
several “hormone shots” which induced some breast growth but no 
other discernible effect. He married at age 19 and had satisfactory 
intercourse several times a week but did not ejaculate. 

He had a eunuchoid habitus, a high-pitched voice, a female escutch- 
eon, moderate axillary hair, no beard and no palpable scrotal or 
inguinal testes. The prostate was not palpable, and the penis was small. 
He was red-green color-blind. Urinary 17-ketosteroids were 7 mg./day 
and total urinary gonadotrophins were 58 rat-ovary units/day. A skin 
biopsy showed the male pattern of chromatin-negative cells (see p. 18). 

Surgical exploration of the scrotum, inguinal canals and abdomen 
failed to reveal any testicular tissue, although the vas deferens and 
epididymis were found. 

Treatment with testosterone led to beard growth, development of a 
male escutcheon, deepening of the voice, enlargement of the prostate, 
increased libido and ejaculation. 

Rarely, patients are seen like the one described above in whom 
no testicular tissue can be found on clinical examination or after 
surgical exploration, yet they have male genitalia and a male 
chromatin-pattern. The genitalia may have undergone normal 
differentiation or there may have been a developmental arrest 
resulting in a male pseudohermaphrodite. All show or develop 
the manifestations of prepubertal deficiency of androgen and have 
increased urinary gonadotrophins. 

Since the development of male genitalia is thought to be 
dependent upon the action of androgens during fetal life, this 
syndrome probably represents a disintegration of the fetal testis 
at some time after differentiation of the bipotential gonad. An 
alternative explanation, failure of the bipotential gonad to 
develop, would need to postulate that maternal or adrenal 
androgens resulted in the differentiation of the Wolffian duct and 
regression of the Mullerian duct. Evidence against this hypothesis 
is the failure of these androgens, under usual circumstances, to 
influence normal female development. 

Case 2.—Seminiferous-tubule-dysgenesis—A 22-year-old man en- 
tered the hospital seeking phallectomy and treatment with estrogens. 
During childhood he had exhibited feminine mannerisms and since 
adolescence had practiced transvestism and homosexuality. Puberty 
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began at age 12 with penile growth and development of pubic apj 
axillary hair. At 14, breast enlargement began and persisted. 

He was seen to be an effeminate person with a high-pitched voice, 
mildly eunuchoid habitus, sparse beard, gynecomastia, female escutch. 
eon and small scrotal testes. Urinary 17-ketosteroids were 7—9 mg./day 
Urinary gonadotrophins were increased. The bone age was 17-18 year 
A skin biopsy revealed that 50% of the cells contained a perinuclex 
chromatin body, as seen in females. A testicular biopsy showed normal. 
appearing Leydig cells and hyalinized tubules in some of which Sertoli 
cells could be seen. 

Psychiatric treatment was advised, but the patient went elsewhere t 
seek fulfillment of his request. 

This patient exhibited the essential features of Klinefelter' 
syndrome as originally described—testicular atrophy, gynecomas- 
tia, increased urinary gonadotrophins, sclerosis of the seminiferous 
tubules with normal Leydig cells and only mild manifestations oj 
deficiency of androgen. Some features of this syndrome are incon- 
stant—gynecomastia may be absent, eunuchoidism may be 
severe and rarely, gonadotrophins are not increased. 

Although many patients with Klinefelter’s syndrome show psy- 
chologic abnormalities and/or mental retardation, transvestism 
and homosexuality are not part of the syndrome, nor is there 
evidence that these disturbances are related to either increased 
or decreased androgen production. Nevertheless, it is interesting 
to speculate that the genetic endowment of the patient cited 
above in some way affected his psychologic orientation. 

The discovery by Barr and his associates that the somatic cells 
of females contain a chromatin-mass adjacent to the inner sur- 
face of the nuclear membrane, a structure lacking in the male, 
made available a means of assessing genetically determined sex. 
An early hypothesis suggested that the female chromatin body 
was formed by the apposition of heterochromatic regions of the 
two X chromosomes. The recent discovery that persons with 

XXXY or XXX sex chromosomes have two sex chromatin masses 
casts doubt on this explanation. 


Investigations of the incidence of a female chromatin pattern 
in males in the population indicate that the disorder is not rare. 
Incidences of 0.1-1.0/1000 apparently normal males have been 
reported. The incidence appears higher among mentally defective 
males (12-42/1000) and subfertile males (30/1000). A study of 
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newborn males revealed that 2.6/1000 had a female chromatin 
pattern. 

The determination of the nuclear chromatin pattern in patients 
with testicular disorders has revealed that many, but not all, 
patients with Klinefelter’s syndrome have a female pattern. 
Moreover, not all males with a female chromatin pattern have 
Klinefelter’s syndrome. Because of the discrepancy in sex chro- 
matin pattern in some, and the pathology which predominately 
involves the seminiferous tubules in all, the term “seminiferous- 
tubule-dysgenesis” has been proposed to designate the entire 
group. Two subgroups can be delineated—those with predom- 
inantly tubular fibrosis and those with predominantly germinal 
aplasia. 

Most patients with predominantly tubular fibrosis have a 
female chromatin pattern and in them the disorder appears to 
be more severe than in those with the male type of nuclei. 
Tubules are fewer and more heterogeneous (both with respect 
to the degree of fibrosis and spermatogenesis), the Leydig cells 
are more clumped, gynecomastia is more frequent, atrophy of 
the testes is more severe, and eunuchoid habitus is more common. 
All are azoospermic, but sperm cells have been seen rarely in 
the seminiferous tubules and therefore the potentiality for fertility 
remains. Most, but not all, have elevated urinary gonadotrophins. 
Familial cases are surprisingly common. The etiology of the dis- 
order in patients who have a male nuclear pattern is not known. 
The genesis of the tubular fibrosis in either genetic males or 
females is also not known. 

Most patients with predominantly germinal aplasia have a male 
chromatin pattern. Azoospermia is common to all, but manifesta- 
tions of androgen deficiency are rare, as is severe testicular 
atrophy. Urinary gonadotrophins may be increased. 

A few cases of seminiferous-tubule-dysgenesis have been re- 
ported to be associated with web-neck, short stature and cubitus 
valgus. This association has been termed “Turner’s syndrome in 
the male.” Some degree of androgenic failure may be associated. 

Use of technics for counting and identifying chromosomes has 
revealed that many patients with seminiferous-tubule-dysgenesis 
have 47 chromosomes including a Y and two X sex-chromosomes. 
More recently, several patients have been reported in whom 48 


chromosomes (44+ XXXY) have been found. These latter 
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patients have been severely defective mentally and have shown 
distinct evidences of deficiency of androgens. Testicular biopsy 
has revealed severe tubular fibrosis, germinal aplasia and large 
islands of pigmented Leydig cells. 

Testicular hyperpyrexia impairs spermatogenesis, and, if pro- 
tracted, leads to tubular atrophy with fibrosis, azoospermia and 
sterility. Increased testicular temperature usually does not affect 
the Leydig cells or impair production of androgen. 

A decrease in sperm count and impaired spermatogenesis may 
occur during and after high fevers such as those associated with 
pneumonia and pyrogen therapy. Similar findings have been 
noted in men who work in hot environments. Recovery from 
these conditions is usually complete within 2-3 months after 
cessation of fever or exposure to normal environmental tempera- 
tures. 

A common and more serious problem believed to be due to 
high testicular temperatures is that of cryptorchism. Retention 
of the testis within the abdomen results in degeneration of 
spermatogenic elements and may produce permanent sterility. It 
is obvious that sterility is produced only by true bilateral cryp- 
torchism. Unilateral cryptorchism does not produce sterility. 
Spermatogenic function of the “‘migratory testis” (the testis that 
readily retreats into the lower reaches of the inguinal canal but 
which can be brought into the scrotum with heat or manipula- 
tion) is rarely affected. 

Considerable difference of opinion exists concerning the 
etiology and management of bilateral cryptorchism. Concerning 
etiology, two theories exist: the hormonal stimuli for descent 
(LH, FSH and androgens) are deficient; or the testes are incapa- 
ble of responding to adequate hormonal stimuli, either because 
of intrinsic disease or bilateral mechanical obstruction to descent. 
At least 20-30% of boys with bilateral cryptorchism have spon- 
taneous descent by the time of early puberty or have descent 
following a course of chorionic gonadotrophin injections (500 
IU thrice weekly for 1-3 months). The prognosis for fertility in 
these patients is considered to be good. 

Since puberty accelerates the detrimental effects of cryptorch- 
ism on spermatogenesis, there is more or less general agreement 
that a course of chorionic gonadotrophin injections should be 
given before puberty becomes advanced. Some urologists favor 
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stimulation a year or so after birth, and others advise waiting 
until age 11 or 12; but the majority favor treatment at age 4 
or 5. If stimulation fails to produce descent, orchiopexy is gen- 
erally advised. The results of surgery on patients 8 years or older 
are disappointing; a high percentage remain infertile. Because 
of this, many urologists in recent years have been recommending 
orchiopexy at age 4 or 5, but there is no evidence that this has 
improved the results. In those patients with a short spermatic 
cord, there is a tendency for the testis to retract back into the 
abdomen if it is not fixed to the scrotum. However, if traction is 
put on the spermatic cord there is considerable risk of embarras- 
sing testicular blood supply and producing complete gonadal 
failure. Orchiopexy does not lessen the relatively high incidence 
of malignant tumors that occur in cryptorchid glands. 

It has recently been demonstrated that there is a relatively 
high incidence of shortening of the fourth metacarpal bone among 
patients with cryptorchism or late spontaneous descent of the 
testis. The significance of this observation is not clear. 

Trauma sufficient to induce sterility and deficiency of androgen 
must be bilateral and this rarely occurs. The most common causes 
of traumatic hypogonadism are deliberate surgical castration or 
the accidental sequella of bilateral orchiopexy and _ bilateral 
herniorrhaphy. Both deficiency of androgen and sterility result. 

Ionizing radiation can damage the testis and impair function. 
The spermatogenic elements are considerably more sensitive to 
irradiation than the Leydig or Sertoli cells; and among the 
spermatogenic elements, spermatogonia appear most sensitive. 
If radiation is sufficiently intense, spermatogenic failure may be 
permanent. There are few data available to permit a reliable 
estimate of the amount of radiation necessary to induce permanent 
sterility in the human male but it would appear that relatively 
large amounts of radiation are necessary. 

Ductal obstruction, if bilateral, causes infertility but does 
not affect production of androgen. Obstructions of the lower 
epididymis and the vas block the passage of sperm but pro- 
duce little or no histologic evidence of damage to the human 
testis, although some seminiferous tubule degeneration may be 
seen in other species. Obstruction of the proximal epididymis and 
efferent ductules may produce seminal degeneration. Gonococcal 
infections, bilateral tuberculous epididymitis, and surgical pro- 
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cedures about the testis and the inguinal canals are among thi 
more common known causes of acquired ductal obstruction. Con. 
genital defects in fusion of the duct system with the testis produce 
the same result as ductal obstruction. Most presumed ductal 
obstructions occur in infertile men who have azoospermia and 
normal testicular morphology. The etiology is usually obscure, 
Surgical correction of epididymal obstructions is not usually suc. 
cessful, but better results are achieved with correction of obstruc. 
tion of the vas. 

Orchitis due to the virus of mumps causes seminiferous tubule 
damage and may result in sterility, but rarely, if ever, embarrasses 
the endocrine function of the testis. Considerable variability exists 
in the reported incidence of sterility due to mumps, but it is 
probably low. 

Orchitis occurs in about 20% of patients who have mumps 
after the onset of puberty, or in about 2-4% of all patients with 
mumps. The orchitis involves the seminiferous tubules in a 
patchy manner, but induces considerable edema of adjacent tis- 
sues. In 10-20% of patients with orchitis, the involvement is 
bilateral. About 30-50% of those with bilateral orchitis develop 
testicular atrophy characterized by patchy fibrosis of the tubules. 
Among the subjects with bilateral atrophy due to mumps, oligo- 
spermia is fairly common (azoospermia, however, is rare), the 
fertility rate is moderately diminished and occasionally, urinary 
gonadotrophins are increased. No change occurs in physique, 
urinary 17-ketosteroids or urinary androgens. 





Although unilateral testicular atrophy often develops in patients 
with unilateral orchitis due to mumps, there is little reason to 
believe, or evidence to suggest, that fertility is impaired. Sub- 
clinical involvement of the second testis is theoretically possible 
but is either quite rare or of little pathologic significance. 

Since orchitis due to mumps is recognized only after the onset 
of puberty the logical speculation has been made that gonado- 
trophin stimulation in some way favors localization and growth 
of the virus. Estrogens have been administered to patients with 
orchitis due to mumps using the rationale that these inhibit 
gonadotrophin elaboration. It is believed that estrogens lessen the 
severity of the acute illness but there are no data to evaluate their 
effects on fertility. 
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HYPOGONADISM OF PITUITARY ORIGIN 


Prepubertal hypogonadotrophic hypogonadism may occur as 
an apparently isolated defect or may be associated with deficiency 
of several or all of the pituitary trophic hormones. In all instances, 
urinary gonadotrophin excretion is low or absent. Testicular 
morphology resembles that of the normal prepubertal child—the 
tubules are small, lack lumens and contain only undifferentiated 
cells and few spermatogonia. With the passage of time, tubular 
fibrosis occurs. Leydig cells and Sertoli cells are absent. 

When the sella turcica is enlarged, vision is impaired, supra- 
sellar calcifications are demonstrable or other trophic hormones 
are deficient, the diagnosis is clear. When these features are 
lacking it may be extremely difficult to differentiate “delayed 
puberty” from permanent pituitary disease. Only the passage of 
time solves the problem. Rarely, gonadotrophic deficiency may 
be a familial disorder. 

The syndrome presented by the patient is determined by the 
etiology of the pituitary disease and the associated hormonal 
defects. Two brief case reports will illustrate the variability. 

Case 3.—Craniopharyngioma with panhypopituitarism.—A 13-year- 
old boy entered the hospital with a four-month history of intermittent 
frontal headaches. Puberty had not begun. Two days before admission 
severe headaches had developed and vision diminished acutely. He was 
54 inches tall and the bone age was normal. At surgery a cystic crani- 
opharyngioma was found, drained and excised. Vision improved. 

He was readmitted at age 19 because of recurrent acute loss of vision. 
He was 56 inches tall, pale, moderately obese and lacked facial, pubic, 
axillary and body hair. The genitalia were infantile. Craniotomy was 
performed and the craniopharyngioma was again partially resected. 
Vision did not improve. Roentgen therapy was given postoperatively. 
Diabetes insipidus developed. Pituitary snuff was given but he received 
no other replacement therapy. 

At age 27, he was admitted for observation. He was 64 inches tall 
and weighed 167 pounds. The arm span was 65 inches. His voice was 
high-pitched. The skin was pale, pasty, dry and coarse. There were fine 
wrinkles about the eyes. Body and facial hair were lacking. The geni- 
talia were infantile. The testes were quite small and soft. 

The bone age was 14 to 15 years. Urinary 17-ketosteroids were 0.4 
to 1.0 mg./day and rose to 3.0 mg./day after several days’ stimulation 
with ACTH. Urinary gonadotrophins were undetectable. The PBI was 
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1.7 ugm%. The 24-hour uptake of radioiodine by the thyroid was 12.7% 
but rose to 43% after 10 units of TSH. 


Case 4.—Gonadotrophin and corticotrophic deficiency with a normal 
sella turcica.—A 37-year-old man entered the hospital because of diffi- 
culty in walking. Secondary sex characteristics had never developed. 
He had poor libido and rarely had erections. He had few complaints 
and denied any acute illnesses. 

He was a pale, pasty-looking man with a high-pitched voice and a 
eunuchoid habitus. He was 70 inches tall and arm span was 75 inches. 
There were many fine facial wrinkles. Pubic, axillary, facial and body 
hair were lacking. There was no temporal recession of the hair line, 
The penis was infantile. Small, soft testes were palpable in the scrotum. 
There was marked coxa vara deformity. 

The bone age was 16-17 years. The superior femoral epiphyses were 
unfused and dislocated. The skull was roentgenologically normal. Uri- 
nary gonadotrophins, on two occasions, were undetectable. Urinary 
17-ketosteroids and 17-hydroxy steroids were less than 1 mg./day. Both 
increased with prolonged ACTH stimulation but were unaffected by the 
administration of an 11-8-hydroxylase-inhibitor (SU 4885). Thyroid 
function was normal. 

Hypopituitarism in the adult male is often due to a pituitary 
tumor, most commonly a chromophobe adenoma. Enlargement, 
distortion or destruction of the sella turcica usually occurs but 
is not invariable. Hypogonadotrophism is usually the earliest rec- 
ognizable hormonal] deficiency and may antedate evidences of 
adrenal or thyroidal deficiency by as long as 10-20 years. These 
patients may lose libido and potency as soon as or before head- 
ache develops, although they usually do not complain of their 
loss. Objective manifestations of androgenic deficiency develop 
gradually and may be subtle. Beard growth slows, vigor dimin- 
ishes, pubic hair assumes a female distribution and the skin 
becomes pale (deficiency of androgen or intermedin?) and finely 
wrinkled. The concentration of red cells in the blood diminishes. 
Ejaculatory response is lost. The prostate may show little or no 
atrophy, and the penis does not change appreciably in size. 
Urinary ketosteroids may be reduced by as little as 30% or may 
be undetectable. Urinary gonadotrophins are low or absent. 

Testicular size and morphology may vary considerably. Most 
patients have some softening or decrease in size of the testes. 
Histologically, the defect depends on the completeness and dura- 
tion of the gonadotrophic deficiency. There may be only dimin- 
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ished spermatogenesis, or some sloughing of germinal elements, 
or marked tubular atrophy and fibrosis and absence of Leydig 
cells. 

Hypogonadotrophic hypogonadism may develop in males with 
acromegaly as their disease progresses. Hypopituitarism may also 
occur as a complication of hemochromatosis, sarcoidosis, tuber- 
culosis, metastatic tumor, syphilis and head injury. 

Intrinsic hypothalamic tumors can cause hypogonadism involv- 
ing both spermatogenic and androgenic function. These tumors 
are, however, exceedingly rare. They may be associated with 
obesity or diabetes insipidus. Fréhlich’s syndrome (adiposogenital 
dystrophy) —the triad of obesity, hypogonadism and a hypothal- 
amic tumor—is often suspected but rarely present in the fat boy. 
Tumors near the hypothalamus may also be associated with pre- 
cocious puberty. 

It is not possible to make a definite diagnosis of functional 
hypothalamic disease. It may be suspected in instances of hypo- 
gonadotrophic hypogonadism where the sella appears normal, 
if there are other manifestations compatible with hypothalamic 
dysfunction, e.g., hyperphagia, polyuria, polydipsia and disturbed 
temperature regulations. 

Some tumors beneath the hypothalamus such as craniopharyn- 
giomas, suprasellar cysts and pituitary tumors may cause hypo- 
thalamic symptoms by exerting pressure on or invading this vital 
area. 

Estrogens in excessive amounts, whether administered or endo- 
genously produced, exert deleterious effects on testicular func- 
tion, largely through inhibition of gonadotrophic production. The 
effects are degeneration of the tubular epithelium, atrophy of 
the Leydig cells, lipid accumulation in the Sertoli cells, peri- 
tubular fibrosis, loss of libido and gynecomastia. The permanence 
of these estrogenic effects appears to depend on the duration of 
treatment. Recovery is usually complete, and a rebound increase 
in sperm count may be noted when estrogens are withdrawn after 
30-60 days’ administration. When administered over a period 
of years, permanent damage may be done. 

Estrogens may be ingested for a deliberate purpose, such as the 
treatment of prostatic cancer or hypercholesterolemia, or may be 
taken by accident. Testicular atrophy and gynecomastia have 
been seen in an adolescent who treated his acne with his sister’s 
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estrogen-containing face cream. Estrogens are used to fatten and 
upgrade beef and poultry. Although analysis of the carcass indj- 
cates that the consumer does not get harmful amounts of estro. 
gens, some persons working with the animals or birds have devel. 
oped gynecomastia and testicular atrophy. 

Excess of endogenous estrogen may result from either increased 
production or impaired degradation. Leydig cell tumors, in addi- 
tion to producing androgens, elaborate large amounts of estro- 
gens. Patients with these tumors often have gynecomastia, dimin- 
ished libido and atrophy of the nontumorous testis. Similar effects 
occur with estrogen-producing adrenal cortical tumors. In either 
of these conditions it can not be excluded that concomitantly 
produced androgens may account for some of the effects. 

Patients with severe liver disease often have testicular atrophy 
and gynecomastia. These manifestations have been attributed at 
least in part to impaired ability to conjugate and degrade estro- 
gens; however, urinary estrogens, particularly estriol, tend to 
increase rather than decrease. Part of the difficulty may be due 
to concomitant malnutrition (see below). The testicular atrophy 
is characterized by tubular degeneration and atrophy, and thick- 
ening of the tunica propria. 

Administration of testosterone in normal men leads to semini- 
ferous tubule degeneration, thickening of the peritubular mem- 
brane, azoospermia and Leydig cell atrophy. Recovery is usually 
complete and may be associated with a rebound increase in sperm 
count. Gynecomastia associated with administration of testosterone 
is well recognized. Whether these effects are intrinsic to testo- 
sterone or whether they are secondary to the conversion in vivo of 
testosterone to estrogen has not been established. 

Malnutrition by itself or associated with chronic wasting diseases 
(e.g., tubuculosis, chronic renal disease and uncontrolled diabetes 
or severe psychiatric illness (schizophrenia) may impair testicular 
function without significantly affecting the adrenals or thyroid. 
Androgenic production seems to be affected sooner than sperma- 
togenic activity. Testicular atrophy, diminished urinary 17- 
ketosteroids and low urinary gonadotrophins are encountered. 
Libido is lost but this does not usually bother the patient. These 
manifestations occur primarily in the severe or uncompensated 
stage of inanition. With refeeding, testicular function returns and 
gynecomastia may develop. 
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In the experimental animal, deficiencies of certain vitamins or 
igh quality proteins impair androgenic froduction and sperma- 
togenesis. In the human, total caloric ‘deficiency appears to be 
etiologically more important as there is no evidence for deficiency 
f a specific dietary factor. 

The mechanism by which inaniticn adversely affects testicular 
function is not clear. Available data favor the view that gonado- 
trophic production (or release) is diminished. 
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UNCLASSIFIABLE SYNDROMES 


Case 5.—Laurence-Moon-Biedl syndrome.—A 24-year-old man cont- 
lained of difficulty in walking and poor vision since childhood. Aside 
rom scamty growth of pubic and axillary hair no other manifestations 
f puberty appeared. 

Many physical defects were noted. He was fat and dull-witted. 
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estro- Phere were a spastic, ataxic gait, bilateral Babinski signs, a positive 
rd. to Romberg sign and lateral nystagmus. Retinitis pigmentosa was present. 
- )rthopedic abnormalities included bilateral pes cavus and genu valgus, 
e due : ‘ 
rophy "" 2° syndactyly or polydactyly. He had a eunuchoid habitus, an 
POY Biantile penis and scrotum and atrophic testes that were in the lower 
thick- aches of the inguinal canal. There was a female escutcheon and 
__ parce axillary hair but little beard or body hair. 
>mini- § The bone age was 15 years. Urimary 17-ketosteroids ranged from 
mem- 11 mg./day. Urinary gonadotrophins were undetectable. The skull 
isually jas reentgenographically normal. A buccal smear showed that less than 
sperm [ of the cells contained a nuclear chromatin body. (Less than 5% 
terone Such cells is considered within normal limits for males.) 
testo. ™ Lhe patient’s 16-year-old brother had an identical syndrome except 
Avo of his atrophic testes were clearly in the scrotum. 





The manifestations of the Laurence-Moon-Biedl syndrome 


liseases 0st often include various combinations of retinitis pigmentosa, 









ibetes) featal retardation, obesity, syndactyly and hypogonadism. Less 
ticular "monly, congenital malformations of the cardiovascular, renal 
hvroid. je nervous systems may occur. Just as the “syndrome” is vari- 





perma- Pf, 80 are testicular function and histology. In about 20-30% 











ry 17- the cases the testes are normal. Cryptorchism, particularly 
ntered. [eral cryptorchism, is common and the function and the struc- 
These ft of these testes are similar to any other cryptorchid testes. 











ensated 


Atrophy of the scrotal testes is also common. These atrophic 
ins and 


‘és may show seminiferous tubular dysgenesis with predomi- 
itly tubular fibrosis or more rarely germinal aplasia. These cases 
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usually show elevated urinary gonadotrophins and little or no 
androgenic deficiency. Other cases like the one described above 
have been reported in which germinal aplasia, aleydigism and 
low urinary gonadotrophins have been noted. Unexplained poly. 
uria and polydypsia in some cases have led to the suspicion that 
hypothalamic disease may occasionally be at fault. 

The patient described above clearly had a hereditary cere- 
bellar ataxic syndrome, resembling Friedreich’s ataxia, in addition 
to the manifestations of Laurence-Moon-Biedl syndrome. The 
coincidence of these disorders has been reported previously. More- 
over, one patient with another variant of the cerebellar ataxic 
syndrome has been reported to have chromatin-positive semini- 
ferous tubular dysgenesis. 

The fertile eunuch with eunuchoidism and normal-sized testes 
is rarely seen. The eunuchoidism varies from mild to severe. Tes- 
ticular biopsy shows normal spermatogenesis and either absent, 
hypoplastic or normal Leydig cells. Urinary 17-ketosteroids vary 
from low to normal, and total urinary gonadotrophins are normal. 

Although these patients have histologically normal spermato- 
genesis and some have fathered children, seminal examination 
often shows abnormality. Seminal volume may be nil, the concen- 
tration of fructose diminished, the number of sperm reduced and 
the motility of sperm impaired. 

The etiology and pathogenesis of this syndrome are not known. 
Several explanations are possible. First, diminished production of 
LH. In support of this hypothesis, some patients have been found 
to excrete less than normal amounts of LH in the urine and they 
show clinical improvement following treatment with chorionic 
gonadotrophin. A second possibility is a congenital absence or 
hypoplasia of the Leydig cells which results in an inadequate 
response to a normal amount of LH. A third possibility is normal 
LH production and Leydig-cell response but failure of the end 
organs to respond to androgenic stimulation. 

Myotonia dystrophica—a familial disorder characterized by 
muscle wasting, prolonged after-contractions of affected muscles, 
cataracts, frontal baldness and frequently mental retardation— 
may be associated with testicular atrophy. Some patients have 
normal testes and are fertile. Testicular biopsies from the patients 
with testicular atrophy show normal Leydig cells but disordered 
tubular morphology ranging from germinal aplasia to complete 
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sclerosis. Urinary 17-ketosteroids are usually normal. Urinary 
gonadotrophins are low, normal or increased. In most of the 
patients studied, the nuclear sex has been male. A curious obser- 
vation is the high incidence of hyperostosis frontalis interna in 
males with myotonia dystrophica. This anomaly of the frontal 
bone usually is more common in females than males. 

The premature aging syndromes (Werner’s syndrome, Roth- 
mund’s syndrome and Hutchinson-Gilfords’ syndrome) are asso- 
ciated with testicular atrophy, poorly developed secondary sex 
characteristics and sometimes gynecomastia. Little more is known 
about the nature or the cause of the testicular disorder. 


UNCERTAIN AND HYPOTHETIC DISORDERS 


A male climacteric, akin to the menopause, has been proposed 
to explain symptoms of diminished libido, impotence, fatigue, hot 
flashes and nervousness that sometimes occur in middle-aged men 
in whom there is usually no objective evidence of androgen 
deficiency. All of these symptoms may occur, but are not invari- 
able, in the postpubertal castrates; and all are capable of being 
produced by emotional disturbances. 

At present, thoughtful observers limit the diagnosis of the male 
climacteric to those persons who show objective evidence of 
androgenic deficiency, who lack other evidence of organic or 
emotional disease, and whose symptoms are ameliorated by the 
administration of androgen. The objective evidence of androgenic 
deficiency should include physical signs and either decreased 
urinary 17-ketosteroids or increased urinary gonadotrophins. 
When these criteria are used, the male climacteric is a rare 
disorder. 

It is possible that the development of more sensitive indexes for 
the production of testicular androgen than those presently avail- 
able might broaden the criteria for this diagnosis, but this is for 
the future to decide. Speculatively one might consider the possi- 
bility that the aging testis produces predominantly an androgen 
other than testosterone that is capable of maintaining most sec- 
ondary sex characteristics but is poorly anabolic and inefficient in 
augmenting “central-nervous-system maleness.” 

Noxious chemicals which are capable of inducing testicular 
damage in humans have received little attention. In addition to 
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administered androgens and estrogens, a number of other com- 
pounds are capable of disrupting testicular function in the experi- 
mental animal. As outlined in Table 3 several drugs used in the 
treatment of tumors, gout and infections arrest spermatogenesis 
in the experimental animal. Little is known about their effects on 
the human testis. Many primitive peoples have used a variety of 
botanical products to inhibit fertility. Except for lithospermia 
ruduale (an extract from a cactus plant), the effects of these 
products have received very little scientific attention. 

Aside from inhibition of spermatogenesis, noxious chemicals 
may affect testicular function by other means. Whether com- 
pounds like those available for inhibiting the synthesis of choles- 
terol or adrenal steroids adversely affect gonadal hormone pro- 
duction needs to be investigated. A derivative of perhydrophenan- 
throne has been reported to antagonize the effects of testosterone 
and inhibit gonadotrophin production in the rat. Chlorpromazine 
(which induces pseudopregnancy in the female rat and rabbit 
presumably by suppressing hypothalamic activity) causes dimin- 
ished libido and gonadotrophic output in men. Dibenzyline, a 
sympatholytic drug, and guanethidine, another sympathetic- 
blocking agent, have been reported to prevent ejaculation in some 
men without affecting erection or orgasm. 

Inborn errors in the biosynthesis of testosterone have not as 
yet been described but might logically be expected since they 
exist in the thyroid, adrenals and many other organs. 

Since the precursors of testosterone are androgenic or poten- 
tially androgenic, defective production of testosterone might be 
difficult to recognize clinically. It is difficult to conceive of a 
super-masculinized male. In view of the quantitative and possibly 
qualitative differences existing among androgenic steroids (Table 
1) one might expect to see normal development of certain andro- 
gen-sensitive tissues and subnormal development of other tissues. 
Some patients with seminiferous tubular dysgenesis and some 
fertile eunuchs resemble this pattern. 

Leydig-cell hyperplasia and increased gonadotrophic produc- 
tion might not occur if a biosynthetic defect resulted in an in- 
creased production of progesterone or estrogen. A defect in con- 
version of 17-hydroxyprogesterone to androstenedione should 
result in increased urinary pregnanetriol excretion (see illus- 
tration on page 7). Defective 17-hydroxylation of progesterone 
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TABLE 3.—Tue Errect oF CrertTAIN CHEMICALS ON 
TESTICULAR FUNCTION 








CHEMICAL 


SPECIES 


EFFrect 





1. Furadroxyl (5-nitro-2-furfural- 
dehyde-2-(2-hydroxyethy]) 
semicarbazone ) 

Nitrofurazone (Furacin) 
(5-nitro-2-furfuraldehyde 
semicarbazone ) 

Nitrofurantoin (Furadantin) 
(n-(5-nitro-2-furfurylidene) - 
1-aminohydantoin) 


Rat 


Slowly developing infertility; 
arrest at 1’ spermatocyte 
stage; increased urinary 
and pituitary gonadotro- 
phin; impaired utilization 
of glucose, citrate and py- 
ruvate; decreased hyaluro- 
nidase 

No effect 





. 5-Chloro-2-acetylthiophene 


Infertility; arrest at 1’ sper- 
matocyte stage 





3. 2-Amino-5-nitrothiazol 


Spermatogenic arrest; de- 
creased androgen and gon- 
adotrophin production 

Does not affect testis but is 
goitrogenic 





. Aliphatic nitrogen mustards 


Inhibit spermatogenesis and 
cause infertility; aromatic 
nitrogen mustards, like 
chlorambucil, are without 
effect 





. TEM (tretamine, triethylene 
melamine) and some 
derivatives 


Rat 
Dog 
Mouse 


Rabbit 


Low doses—slow onset of in- 
fertility, appear to inhibit 
mature sperm, rapid re- 
covery; high doses lead to 
spermatogonial destruction 
and slow recovery 





Busulfan (Myleran) (1,4- 
dimethanesulphonoxy butane) 


Rat 


Prevents development of new 
spermatogonia; slow onset 
of infertility ; slow recovery 





Colchicine 


Rabbit 


Destruction of the seminifer- 
ous tubule with mainte- 
nance of Leydig cells 





Ethionine (an antimetabolite 
of methionine) 


Induces infertility first by 
affecting spermatozoa and 
spermatids, later sperma- 
togonia 





(Continued) 
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TABLE 3.—(Continued) 


CHEMICAL 


Species Errectr 








9. Griseofulvin Rat Parenteral administration 
produces necrosis of tubu- 
lar elements; oral doses do 
not affect the sperm count 
or testicular morphology 

Man Oral doses—no effect 








should lead to an increase of urinary pregnanediol, while im- 
paired utilization of pregnenolone might lead to increased pro- 
duction of dehydroepiandrosterone. Defective conversion of an- 
drosteronedione to testosterone might increase estrogen production 
and explain some of the manifestations of the testicular feminiza- 
tion syndrome. 


TREATMENT OF HYPOGONADISM 


Substitutional therapy with androgens is necessary for the treat- 
ment of primary testicular failure. The most widely used prepara- 
tions and their mode of administration and dosage are listed in 
Table 4. Once instituted, therapy should be life-long. The effects 
of therapy should be apparent within a month (increased fre- 


TABLE 4.—CompPparIson OF SeEveERAL —,THERAPEUTICALLY 
UsEFUL PREPARATIONS OF ANDROGEN 








PREPARATION VEHICLE Route Dose-INTERVAL 





Testosterone Aqueous I.M ; 5-7 days 
suspension 








Testosterone 
propionate 


Testosterone 
cyclopentyl i J 200 mg. 3—4 weeks 
propionate 


Methyltestosterone Oral | 30-50 mg. | 12-24 hr. 


Buccal | 10-30 mg. | 12-24 hr. 




















reat- 
ara- 
din 
Tects 


fre- 


quency of erections, better sense of well being, ejaculations, and 
enlargement of the penis, scrotum and prostate) but may not 
be complete for many months (growth of pubic and axillary 
hair and deepening of the voice) or years (growth of the beard). 
The longer the duration of the hypogonadism, the less apparent 
are the results of androgenic therapy. 

Che side effects of treatment with testosterone and its esters 
are physiologic (acne, gynecomastia and frequent erections) and 
subside while therapy continues. Tolerance to the hormone does 
not develop. Treatment with methyltestosterone (an artificial 
steroid) may be complicated by gastric upset, drug rash or jaun- 
dice, in addition to the physiologic side-effects mentioned above. 
The jaundice is due to an intrahepatic biliary stasis and is usually 
reversible. ‘Testosterone and its esters cause an increase in urinary 
17-ketosteroids while methyltestosterone has little or no effect. 

The treatment of testicular failure due to pituitary failure is 
also best accomplished by the administration of androgens. The 
use of animal pituitary extracts has been disappointing and has 
been accompanied by the risks of foreign protein reactions. 
Human pituitary gonadotrophins, if available, would circumvent 
some of the disadvantages of the animal preparations but the 
limited supply and the necessity of frequent injections would be 
serious practical handicaps. A preparation of human FSH, if 
available, might be used with advantage over short periods to 
foster fertility. Human chorionic gonadotrophin stimulates andro- 
genic production without risk of foreign-protein reaction but must 
be injected at least several times a week. Human chorionic gona- 
dotrophin (1000 I.U. thrice weekly) administered over 1-2 
months can be useful in distinguishing primary and secondary 
hypogonadism. 

Whether or not a teen-age boy with small genitalia should be 
treated is often a difficult problem. First and foremost, effort 
must be made to establish the existence of hypogonadism and 
whether it is testicular or pituitary in origin. If the testis or pitui- 
tary can be unequivocally implicated, androgen therapy should 
be given, but not before age 10-12. If the hypogonadism cannot 
be classified, procrastination until the age of 16 or 17 is better. Pro- 
crastination may sometimes include one-month courses of chor- 
nic gonadotrophin repeated every 6 months. If no signs of 
puberty develop by age 17, androgen therapy should be instituted. 
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Treatment of the infertile male is also difficult and in general 
not too satisfactory. Again, diagnosis and prognosis are most 
important. If azoospermia exists and the testes show germinal 
aplasia or tubular fibrosis with early spermatogenic arrest, the 
patient should be advised that the prognosis is poor and that there 
is no treatment. If there is azoospermia in the presence of normal 
spermatogenesis, ductal obstruction should be looked for and, if 
found, an attempt at correction should be made. If obstruction 
is in a localized portion of the vas deferens, the prognosis may be 
good ; but if in the epididymis, it is usually poor. If no obstruction 
can be demonstrated nothing should be done since surgical-bypass 
procedures will likely produce ductal obstruction if it is not 
already present. 

If the sperm count is normal and the sperm are normally de- 
veloped and motile, the patient should be advised that the 
prognosis is good. The wife should be examined also, and the 
couple should be educated to recognize the time of ovulation and 
instructed not to have intercourse more often than every third 
day. 

In those infertile males with oligospermia or poor sperm motil- 
ity, little can be done aside from education, the correction of any 
treatable concurrent disease and the elimination of undesirable 
factors such as exposure to hot environments, tight-fitting pants 
and noxious chemicals. A course of androgenic therapy may be 
tried in an attempt to induce a rebound increase in sperm count, 
but unfortunately this is successful in only a few patients. It may 
be more successful in patients whose testicular biopsies reveal 
disorganization and sloughing of germinal elements. Testosterone 
propionate, 30-100 mg. thrice weekly, induces azoospermia within 
1-3 months. If a rebound increase in sperm count develops, it 
occurs within 5-6 months after cessation of testosterone therapy. 
A similar rebound phenomenon occurs after the administration 
of estrogen, progesterone and some of the newer synthetic proges- 
tins. These latter substances may produce undesirable side effects 
such as loss of libido. 
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